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(54) Optical mount unit and oscillation damping system 



(57) In an oscillation damping system, the oscilla- 
tions which acton an optical element (1) in an objective, 
in particular on deformation-decoupled mounts (2,2',6) 
and manipulators in a projection illumination arrange- 
ment, in particular in a projection objective for microlitho- 



graphic projection exposure objective lithography, are 
detected by sensors (3). By actuators (4) waves with 
same or at least similar frequencies and amplitudes of 
anti-phases to the disturbing osctlladons are ger^erated 
and introduced fn said mount (2). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to an optical mount unit 
and to an oscillation damping system for affecting an 
optica! element in an imaging device, in particular de- 
formation-decoupled mounts and manipulators in a pro- 
jaction illumination arrangement. In particular in a micro- 
lithographic projection exposure objective for the man- 
ufacture of semiconductors. 

[0002] Especially in microlithographic projection ex- 
posure objective, very high .imaging accuracies are re- 
quired, oscillations introduced into the projection illumi- 
nation arrangement, or Its structures, having a very det- 
rimental effect on the overall optics and therefore on the 
imaging accuracy. 

[0003] In order to isolate the optical elements, e.g. 
lenses, from externally acting forces and deformations. 
It is known to connect the optical elements in deforma- 
tion-decoupled fashion to outer structures, e.g. an outer 
mount. Such deformation-decoupled optical elements 
are, of necessity, relatively soft at the points of connec- 
tion to the outer structure. This means that the natural 
frequencies become lower, which entails the risk that the 
optical elements can start to vibrate owing to externally 
excited oscillations, e.g. at machine frequencies, which 
in tum has a detrimental effect on the image quality of 
the Illumination. For this reason, attempts have hitherto 
afways been made to find a compromise between good 
deformation decoupling and a necessarily required min- 
imum stiffness, so that the optical element does not ex- 
perience oscillations. 

SUMMARY OF THE INVENTION 

[0004] It is an object of the present invention to pro- 
vide a system with which the greatest possible deforma- 
tion decoupling is achieved with correspondingly soft 
supporting or connecting points, but without externally 
acting oscillations having a detrimental effect on the op- 
tical element. 

[QOOS} This object is achieved according to the Inven- 
tion with an optical nK>unt unit comprising an optical el- 
ement a mount holcfing said element, said mount com- 
prising two units, which units are elastically coupled, and 
at least one active oscillation attenuator attached to said 
mount to affect oscillatiof^ of said elastically coupled 
units. 

[0006] According to a further mode the present inven- 
tion refers to an oscillation damping system for affecting 
an optical element in an objective, wherein the optical 
element fs hold In a mount comprising two units, which 
units are elastically coupled, and wherein disturbing os- 
cfllatiorts that occur being detected by sensors and then 
by actuators waves with same or at least similar Ire- 
quencfes and amplitudes of anti-phases to the disturt)- 
ing oscillations generated and introduced in said mount. 



[0007] According to a preferred mode the present in- 
vention refers to an osciDation damping system for af- 
fecting a lens in a microlithographic projection exposure 
objective. 

s [0008] According to the invention, oscillations are now 
detected by attenuators including sensors, whereupon 
actuators, especially piezoelectric elements, are acti- 
vated in connection with a control system, especially an 
adaptronic control loop in such a way that waves direct- 
to ed in opposition, with respect to both amplitude and fre- 
quency, are activated by the actuators in such a way that 
the oscillations introduced from outside, in particular pri- 
mary oscillations, are virtually completely or at leastsub- 
stantially eliminated. 
t5 [0009] In otiier words: the actuators generate waves 
with the same frequency and same amplitude, however 
of anti-phase, which resutts In an extinction of the dis- 
turbing oscillations. Of course, because of the many 
possibilities it is rtot generally possible to achieve oom- 
20 piete extinction of all oscillations, although very strong 
damping can at least be ensured. Also oscillations or 
vibrations resulting from deformations can be damped 
with the attenuators. 

[001 0] In an advantageous configuration of the inven- 
ts tlon, the piezoelectric elements are provided as actua- 
tors in the form of thin plates, sheets or films, t>ecause 
in this way tiiey can be Integrated optimally into ttie 
structure. 

[0011] A very advantageous configuration of the in- 
so ventlon may consist in piezoelectric elements being pro- 
vided as sensors, preferably in the form of thin plates, 
sheets ortilms. 

[0012] The invention can be used particularly advan- 
tageously for deformation-decoupled mounts and ma- 
3S nipulators. In this case, sensors are correspondingly 
distributed over the circumference, on a tixed orstatiorv- 
ary outer ring and piezoelectric elements are provided 
as actuators, likewise distributed over the circumfer- 
ence, in or on an inner ring, which is elastically connect- 
ed ed to the outer ring, or the optical element. 

[0013] If the sensors and actuators are in this case 
arranged in the vicinity of joints, then oscillations or de- 
formations induced externally via the outer mount can 
be deliberately counteracted by conespondingly acti- 
os vated actuators with anti-phase waves at the junction 
with the inner ring. 

[001 4] If. in a configuration according to the invention, 
tiie sensors are also designed as piezoelectric ele- 
ments, then because of the defonmations that occur at 
GO the joints and therefore length changes of the sensors 
that occur, the induced oscillations can be detected very 
exactly and oscillations ttiat act in opposition. I.e. in anti- 
phase with same frequency arvd amplitude can be cor- 
respondingly generated. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] An exemplaiy embodiment of the invention is 
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described below in outline with the eld of the drawing, 
in which: 

Rgurel showsanexcerptof apian viewof atensas 
an optical element with a mount, 

Figure 2 shows an excerpt of a plan view of a lens as 
an optical element with a deformation-da- 
coupled mount. 

Figure 3 shows another configuration of a solid-state 
joint corresponding to tf>e dashed circular 
excerpt of Figure 2, and 

Figure 4 shows a further configurErtion of a solid- 
state joint corresponding to the dashed cir- 
cular excerpt of Figure 2. 

DETAILED DESCRIPTION OF THE PREFERED 
EMBODIMENTS 

1001 6} Rgure 1 represents, only schematically and in 
excerpt, a lens 1 as an optical element, which is sup- 
ported in a mount 2 (not shown in detail). Active atten- 
uators comprising oscillation sensors 3, oscillation ac- 
tuators 4 and control systems receiving signal from the 
oscillation sensors 3 and driving the oscillation actuators 
4, are arranged (not shown in detail) distributed over the 
circumference. Both the sensors 3 and the actuators 4 
are piezoelectric elements in the form of Ihin plates, 
sheets or films and are in this way integrated into the 
structure. The oscillations detected by the sensors 3 are 
sent via control lines 9 to a computer 5 (not shown in 
detail) with an evaluation unit in which, after evaluation 
of the results from the sensors 3, the actuators 4 are 
activated in an adaptronic closed control loop through 
control lines 1 0. in such a way that frequencies that act 
in opposition to the introduced frequencies act with the 
same amplitude In the mount 2. 
[0017] The sensors 3 can also detect the defonna- 
tions affecting the mount 2. so that via the computing 
unit 5, the actuators 4 generate opposite deformations 
by anti-phase waves with the same frequency and the 
same amplitude. 

[001 8] A preferred exemplary embodiment, or a pre- 
ferred field of use, of the system for damping oscillations 
are deformation-decoupled mounts, as represented in 
excerpt in Figure 2. Deformation-decoupled mounts are 
known per se. for which reason details will not be en- 
tered into here. For example, reference may be made 
to DE 199 08 554 and P 1 99 01 295. 
[0019] As can be seen from Figure 2, the lens 1 is sup- 
ported in an inner mount 6 which is connected to an out* 
er mount 2' via narrow connecting linKs in the form of 
solid-state jovnts 7. To that end, a plurality of solid-state 
joints 7 are arranged distributed over the circumference 
between the outer mount 2* and the inner mount 6. The 
lens 2 can be part of a microlithographic projection ex- 
posure objective for manufacturing of semiconductors. 
Part of the housing of the ot^ctive 12 is shown in dotted 
lines of Figure 2. The outer mount Z and the inner mount 
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6 are integral and, to produce a defbmiation-decoupled 
conr^ection, are separated from one another by an an- 
nular gap 8 with the exception of the solid-state joints 7. 
In tfie vicinity of the breaks in the annular gap 8, that is 

s to say the solid-state joints 7. the annular gap 8 has gap 
continuations 8* which each extend ouhvard in a radial 
direction and respectively on either side of the solid- 
state joints 7. One of the Iwo gap continiations 8* is in 
this case further extended inward in the direction of the 

10 optical element 1 and provided with a widening 8" run- 
ning at least approximately in a circumferential direction. 
In this way, the solid-state joints 7 are respectively pro- 
vided with L-shaped gaps on both sides. Sensors 3 and 
actuators 4 are hence fitted, alternately facing one an- 

15 other, into these L-shaped gaps. The sensors 3 and the 
actuators 4 are applied as sheets and are connected to 
a computir^ unit 5 (not shown in detail In Figure 2) In 
the same way as in Rgure 1. Oscillations or deforma- 
tions, detected by the sensors 3. which occur in the sol- 

20 id-state joints 7 and would therefore be passed on via 
the solid-state joints 7 to the inner ring 6. and hence to 
the lens 1. are delivered via the control lines 9 to the 
computer 5, where they are fbnivarded via the control 
lines 10 to the actuators 4. 

25 [0020] If "antl-frequencles* or "antt-deformations" are 
generated in this way via the conBspondingly activated 
actuators 4. then the oscillations or defonmattons in the 
solid-state joints 7 are virhjally elimir^ted. This means 
that even stronger deformation decoupling can possibly 

30 be achieved by correspondingly 'softer' solid-state 
joints 7 with high elasticity without the risk of oscillations 
or vibrations for the lens 1. 

{0021 ] Depending on the oscillations that occur, it may 
possibly be necessary to provide several adaptronic 

35 control loops instead of a single one. The number of sen- 
sors 3 and actuators 4, and the way in which they are 
arranged, will then depend on the design in question. 
10022] Instead of a sofid^tate joint 7 with L-shaped 
gaps, it is of course |X)ssible to use other embodiments 

40 which are suitable for the appfication of sensors 3 and 
actuators 4 in order to at least sutsstantially eliminate 
externally introduced oscillations. 
[0023] Figure 3 represents a configuration corre- 
sponding to the dashed circular excerpt of Figure 2, the 

^ solid-state joint t>eing formed t)etween the outer amount 
2' and the inner mount by a simple link 7\ which extends 
in a radial direction. The gaps B' are in this case ar- 
ranged on either side ol the link. Instead of a purely ra- 
dial path of the link 7 as the solkJ-state joint of course, 

so it is also possible to use links which are inclined with 
respect to the radial directbn. In this case, of course, 
the gaps 8' also run obliquely instead of at a right angle. 
[0024] Figure 4 shows a configuration of a solid-state 
Joint 7* which forms an x-shape with laterally adjacent 

5s gaps 8* and two holes 8"* between tfie Qnlcs. 

[0025] In both cases, the sensors 3 and actuators 4 
are in turn kxsated laterally on the links In the gaps 8*. In 
the exemplaiy embodiment according to Figure 4, sen- 
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sors 3 andA)r actuators 4 may optionally also be ar- 
ranged on the Inside o1 the links In the holes 8*. 
[0026] Manipidators 11 (see the dashed indication in 
Figure 2) which enable the positional changes of the in- 
ner mount, and theretore of the lens 1 , can be provided 
between the outer mount 2* and the inner mount 6, in 
the vicbitty of the solid-state joints 7 or at a different 
point. The sensors 3 and actuators 4 according to the 
inventbn can also act on or via the manipulators 11 . 
[0027] tn the solution according to the invention, the 
piezoelectric elements are used fri a double respect, 
namely, on the one hand, oscitlations that occur lead to 
length changes of the piezoelectric elements present in 
the fomn of thin plates, sheets or films, which therefore 
bend correspondingly in the manner of a strafn-gage 
strip. In the known way, these changes to the piezoelec- 
tric elements generate voltages, which are correspond- 
ingly detected and evaluated in the computer 5. When 
they are being used as actuators, the reverse effect of 
the piezoelectric elements is employed; in this case, the 
control lines 10 are used to supply the piezoelectric el- 
ements with voltages that lead to corresponding length 
changes or bending of the piezoelectric elements. 
These changes to the piezoelectric elements hence in- 
itiate oscillations in the adjoining structure. If these os- 
cillations are then correspondingly controlled in such a 
way that they are opposite (anti-phase) and with the 
same frequency and the same amplitude to the unwant- 
ed oscitlations introduced to the structure from outside, 
then significant damping takes place, if not actually sut>- 
stantial extinction of the unwanted frequencies. 



Claims 

1. Optical mount unit comprising an optical element 

(1) . a mount (2) holding said element, saki mount 

(2) comprising two units (Z,6), which units are elas- 
tically coupled, and at least one active oscillation 
attenuator (4) attached to said mount (2) to affect 
osclllatmns of said elastically coupled units. 

2. Optical mount unit according to claim l . wherein 
sakj at least one active oscillation attenuator (4) 
comprises an oscillation sensor (3), an oscillatk^n 
actuator (4) and a control system receiving signals 
from said oscillation and driving said osciHation ac- 
tuator (4). 

3. Optical mount accord ing to claim 2, wherein said at 
laast one active oscillation attenuator (4) is driven 
in an anti-phase to the oscillations of said elasticaiiy 
ooupled units (2*,^ with same or at least simDar fre- 
quency and ampfitude. 

4^ Optical mount unit according to claim 2. saxi at least 
one osciltatton actuator (4) comprising piezoelectric 
material. 
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5. Opttoal mount unit according to claim 4, wherein at 
least one oscillatbn sensor (3) and one oscillation 
actuator (4) are united in one piece of piezoelectric 
matalal. 

5 

6. An osdilation damping system for affecting an op- 
;tical element in an objective, wherein the optKal el- 

/ ement (1 ) is heki in a mount (2) comprising two units 
/ (2\6), which units are elasticaiiy coupled, and 
10 f wherein disturbing oscillatkins thai occur being de- 
tected by sensors (3) and then by actuators waves 
with same or at least similar frequencies and ampin 
tudes of anti-phases to the disturbing oscillations 
are generated and introduced in said mount (2). 

7. System as claimed in claim 6. wherein piezoelectric 
elements as actuators (4) act on said mount (2). 

8. The system as claimed in claim 7. wherein said pi- 
20 ezoelectric elements are Integrated into the optical 

element (1) or the mount (2) as actuators (4) in the 
fomn of thin plates, sheets or fams. 

9. The system as claimed In claim 6. wherein piezoe- 
25 lectric elements are provided as sensors (3). 

10. The system as claimed in claim 9, wherein said pi- 
ezoelectric elements are provided as sensors (3) in 
the fomi of thin plates, sheets or films. 

30 

11. The system as claimed in claim 6. wherein said 
mount (2) comprising said two units (2*, 6), one of 
the both units is formed as outer ring (2*) fixed to a 
housing of the objective (1 2) and the second unit is 

35 fonned as inner ring (6) elastksally coupled to the 
outer ring (20. and wherein said sensors (3) and ac- 
tuators (4) are arranged between the inner ring (6) 
and the outer ring (2'). * 

4a 12. The system as claimed in claim 1 1 . wherein the out- 
er ring (20 is connected to the Inner ring (6) via joints 
(7) and wherein sensors (3) and actuators (4) are 
arranged on both sides of me Joints (T). 

45 13. The system as claimed in claim 12. wherein said 
joints (T) are designed as solid-state joints (T) and 
the outer ring (2*) and inner ring (6) are designed 
integrally. 

so 14. The system as claimed In claim 13, wherein said 
solid-state joints (70 are designed at least approxi- 
mately in an L-shape. 

15. The system as claimed In claim 13, wherein said 
9s solid-state Joints (7*) are designed as iinlcs wtwh ex- 
tend in a radial direction between the inner ring (6) 
and outer ring (2*). 
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16. The system as claimad in claim 13. wherein said 
solid-state joints (T) are designed as links which ex- 
tend Inclined to the radial direction . 

17. The system as claimed in claim 13, wherein said 
solid-state joints (7') are designed at least approxi- 
mately in an x-shape. 

18. An oscillation damping system for affecting a lens 

(1) in a microlithographic projection exposure 
objective, wherein the lens (1 ) is held In a mount 

(2) comprising two units (2\6), which units are 
elastically coupled, and wherein disturbing os- 
cillations that occur being delected by sensors 

(3) and then by actuators (4) waves with same 
or at least similar frequencies and amplitudes 
of anti-phases to the disturbing oscillations are 
generated and Introduced in said mount (2) and 
wherein disturbing oscillatior^ that occur being 
detected by sensors (3) and then by actuators 

(4) waves with same or at least similar frequen* 
clea and amplitudes of anti-phases to the dis- 
turbing oscillations are generated and intro- 
duced in said mount (2). 



25. The system as claimed in claim 24, wherein said 
joints are designed as solid-state joints (7) and the 
outer ring (2*) and inner ring (6) are designed inte- 
grally. 

5 

26. The system as claimed in claim 25, wherein saki 
sotid-state joints (7) are designed at least approxH 
mately in an L-shape. 

to 27. The system as claimed in claim 25, wherein said 
solid-state joints (7^ are designed as finks which ex- 
tend in a radial direction between the inner ring (6) 
and outer ring (2*). 

15 28. The system as claimed in ctaim 25. wherein said 
solid-state joints C?*) are designed as links which ex- 
tend inclined to the radial direction. 

29. The system as claimed in claim 25. wherein said 
20 solid-state joints (T) are designed at least approxi- 
mately in an x^hape. 
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19. The system as claimed in claim 18, wherein piezo- 
electric elements as actuators (4) acton said mount 
(2). 

20. The system as claimed in clavn 19, wherein said 
piezoelectric elements are integrated into mount (2) 
comprising said two units (2',6), one of the both 
units is formed as outer ring (2") fixed to a housing 
of the objective and ttie second unit is formed as 
inner ring (6) wherein said piezoelectric elements 
are integrated into the optical element (1) or the 
mount (2) as actuators (4) in the form of thin plates, 
sheets or films. 
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21. The system as claimed in claim 18, wherein said 
piezoelectric elements are provided as sensors (3). 



22. The system as claimed in claim 21 . wherein said 
piezoelectric elenrtents are provided as sensors (3) 
In the form of thin plates, sheets or films. 

23. The system as claimed in claim 21 , wherein said 
ring (6) elastically coupled to the outer ring (2*), and 
wherein said sensors (3) and actuators (4) are ar- 
ranged between the inner ring (6) and the outer ring 
(20. 
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24. The system as claimed in claim 23. wherein, tfie 
outer ring (2!) is connected to the inner ring (6) via 
joints, and wherein sensors (3) and actuators (4) 
are arranged on both aides of the joint points. 
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